Galaxies in clusters are strongly affected by their environment. They evolve according to several physical mechanisms that are active in clusters. Their efficiency can strongly depend on the orbital configuration of the galaxies. Our aim is to analyse the orbits of the galaxies in the cluster Abell 85, based on the study of the galaxy velocity anisotropy parameter. We have solved the Jeans equation under the assumption that the galaxies in A 85 are collisionless objects, within the spherically symmetric gravitational potential of the virialized cluster. The mass of the cluster was estimated with X-ray and caustic analyses. We find that the anisotropy profile of the full galaxy population in A 85 is an increasing monotonic function of the distance from the cluster centre: on average, galaxies in the central region (r/r 200 < 0.3) are on isotropic orbits, while galaxies in the outer regions are on radial orbits. We also find that the orbital properties of the galaxies strongly depend on their stellar colour. In particular, blue galaxies are on less radial orbits than red galaxies. The different families of cluster galaxies considered here have the pseudo phase-space density profiles Q(r) and Q r (r) consistent with the profiles expected in virialized dark matter halos in N-body simulations. This result suggests that the galaxies in A 85 have reached dynamical equilibrium within the cluster potential. Our results indicate that the origin of the blue and red colour of the different galaxy populations is the different orbital shape rather than the accretion time.
INTRODUCTION
Collisionless and virialized systems obey the Jeans equation which combines the gravitational potential with the density and the velocity distribution of tracers that move under that potential. The collisionless nature of galaxies in clusters allows the use of Jeans analysis to infer the total mass and dark matter distribution of clusters from the measurement of the projected number density of galaxies and their line-of-sight velocity, under the assumption of virial equilibrium and spherical symmetry. However, it is also necessary to assume the orbital distribution, namely the velocity anisotropy parameter β, of the galaxies in the cluster. This assumption generates the so-called "mass-orbit" degeneracy (see e.g., Merrit 1987).
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To break this degeneracy, we can infer the orbital distribution of cluster galaxies by using independent measures of the cluster mass profile, based on X-ray observations (see e.g. Vikhlinin et al. 2006; Schmidt & Allen 2007) , galaxy velocity dispersion (e.g. Diaferio et al. 2005; Rines & Diaferio 2006) , Sunyaev-Zeldovich measurements (see Atrio-Barandela et al. 2008) , or weak and strong gravitational lensing studies (see Umetsu et al. 2010) . With this approach, the Jeans analysis only provides the orbital anisotropy profile of the galaxies in the cluster. This profile gives us information about the orbital configuration of the galaxies, indicating whether the galaxies are moving on isotropic, radial or tangential orbits. This piece of information is important to have a global picture about the effects of the environment on the evolution of galaxies.
There are several mechanisms affecting galaxies in clusters and not in the field. In particular, galaxies in high density environments suffer from gravitational and hy-drodynamical effects (see e.g. Blanton & Moustakas 2009 , for a review). Galaxies lose dark matter and baryonic mass due to tidal interactions with the global cluster potential and in high speed encounters with other cluster members, the so-called galaxy harassment (see Moore et al. 1998 ). Most of this mass loss is due to interactions between the galaxy and the cluster potential; only about 30% is due to high speed encounters with other cluster members (see Gnedin 2003; Knebe et al. 2006; Smith et al. 2010 ). In addition, harassment is more efficient on low-mass and low-surface brightness cluster members (Mastropietro et al. 2005; Aguerri & González-García 2009; Smith et al. 2010) . Besides these tidal effects, galaxies passing near the cluster centre also suffer from ram pressure stripping (see Gunn & Gott 1972; Quilis et al. 2000) . This effect produces a swept of the cold gas of the galaxies on a short time-scale. The supply of gas into the galaxies can be halted by the so-called strangulation mechanism (see Larson, Tinsley, & Caldwell 1980; Fujita 2004) . These tidal and hydrodynamical effects are responsibles for the observational properties of cluster galaxies (see Blanton & Moustakas 2009 ). Numerical simulations show that the mass loss of the galaxies in clusters strongly depends on their orbits and orientation (see Smith et al. 2010 Smith et al. , 2015 Bialas et al. 2015) . Thus, galaxies on eccentric orbits with small pericentre and those on circular orbits with small radius could be strongly disturbed by the gravitational potential and suffer important transformations. Therefore, the study of the orbital distribution of galaxies in clusters is crucial in order to understand the evolution of galaxies in high density environments.
Numerical simulations show that the orbital anisotropy profile of dark matter sub-halos in cluster-size halos tipically increases with radius (see e.g. Lemze et al. 2012 ). This behaviour is common to systems formed by gravitational collapse. Nevertheless, there is a large variety of anisotropy profiles among different clusters. In addition, numerical simulations suggest that the anisotropy parameter is different for different galaxy populations and evolves with time (see Iannuzzi & Dolag 2012) . In particular, these simulations show that blue galaxies have smaller anisotropy parameters than red galaxies at all redshifts. Indeed, the blue galaxies observed in the cluster at the present epoch are those entering the cluster potential with the most tangential orbits.
Several studies in the past have studied the orbits of galaxies in clusters, with some focusing on invidual clusters (see Kent & Gunn 1982; Hwang & Lee 2008; Wojtak & Lokas 2010; Biviano et al. 2013; Munari et al. 2014; Annunziatella et al. 2014) . A large number of redshifts is desirable in order to measure the radial anisotropy profile with small uncertainties. In this case, studies on stacked clusters were performed based on large spectroscopic surveys such as CNOC (see Carlberg et al. 1997) , CAIRNS (see Rines et al. 2003) , or ENACS (see . Studies on individual clusters reported a variety of orbits of galaxies. The pioneering work by Kent & Gunn (1982) found that the orbits of the galaxies in the Coma cluster are not mainly radial. A significant fraction of galaxies should be on tangential orbits. Studies on stacked clusters from the CNOC and CAIRNS surveys showed that orbits of galaxies in clusters are consistent with being isotropic or moderately radial. This result was also found by Hwang & Lee (2008) for a large sample of clusters using spectroscopic data from the SDSS and 2dFGRS surveys. found that the orbital distribution of bright ellipticals, early and late-type spirals were different, with early-type spirals on isotropic orbits, and isotropic orbits statistically rejected for late-type spirals at large radii. However, other studies, such as Hwang & Lee (2008) , did not find this difference between early and late-type galaxies.
Previous studies focused on the bright galaxy population. Little is reported about the orbital structure of dwarf galaxies in clusters. Adami et al. (2009) found that Coma dwarf galaxies have radially anisotropic orbits even close to the cluster centre. They concluded that dwarf galaxies in Coma could be the remnants of galaxies that fell into the cluster on radial orbits. The study made by Annunziatella et al. (2016) on the intermediate redshift cluster Abell 209 (A 209) found that low-mass passive galaxies have radial orbits, similar to massive galaxies at large clustercentric distances. However, they do have tangential orbits in the cluster centre and avoid small pericenters close to the brightest cluster galaxy. They concluded that the dwarf galaxies observed today in A 209 are those which were not destroyed near the cluster centre because they moved on tangential orbits. The extension of this kind of studies to a broader range of environments remains to be done and will provide observational constraints on the origin and evolution of low mass halos in galaxy clusters. Moreover, the large variety of velocity anisotropy profiles among clusters and the different results found by numerical simulations and observations point towards the importance of the analysis of the orbital structure of individual clusters to have a global picture of galaxy evolution.
In the present work, we will analyse the orbital structure of the galaxies in the nearby and massive cluster Abell 85 (hereafter A 85). Our deep spectroscopy and the richness of this cluster enable us to analyse its orbital structure down to the dwarf regime, with absolute magnitude ∼ M * r + 6. This paper is the third of a series analysing the properties of the galaxy population in A 85. In the two previous papers, we analysed the galaxy luminosity function (LF) and its dependence on both the cluster environment and the galaxy population properties (see Agulli et al. , 2016 . We found that the faint-end slope of the LF of A 85 is similar to the slope of the field LF. We found a difference in the nature of the low-mass galaxy populations: red dwarfs dominate the faint-end of the LF in the cluster, while blue dwarfs dominate the field population. Our result suggests that the environment quenches the star formation and turns the stellar population red in low-mass galaxies (see . We also analysed the variation of the LF as a function of environment in A 85. The bright (M r < −21.5) and faint (M r > −18.0) ends of the LF do not depend on the cluster environment. In contrast, the intermediate luminosity range of the LF (−21.5 < M r < −18.0) shows a dependence on the cluster position. These findings were interpreted as a consequence of the dynamical friction suffered by the galaxies in clusters and of the switching off of star formation due to hydrodynamical processes (see Agulli et al. 2016 ). The present work will complete this picture by estimating the orbital anisotropy of the full population of cluster members and of different subsets selected by luminosity or stellar colour.
The paper is organised as follows. Section 2 describes the data and the computational procedure followed for obtaining the radial anisotropy profile of the galaxies. Section 3 shows the results. The discussion and conclusions are given in Sections 4 and 5, respectively. Throughout this paper we use the cosmological parameters Ω Λ = 0.7, Ω m = 0.3, and H 0 = 75 Mpc −1 km s −1 .
ORBITAL STRUCTURE OF GALAXY CLUSTERS: THE CASE OF ABELL 85
A collisionless and spherically symmetric galaxy cluster in dynamical equilibrium obeys the Jeans equation given by:
where G is the gravitational constant, M(r) is the total gravitational mass of the system contained in a sphere of radius r, ν g (r) is the number density of cluster galaxies at radius r, σ r (r) is the radial component of the velocity dispersion, and β(r) = 1 − σ 2 θ (r)/σ 2 r (r) is the velocity anisotropy parameter. The parameter σ θ (r) is the tangential velocity dispersion. In the absence of rotation, σ θ (r) is equal to the azimuthal velocity dispersion σ φ (r). According to this definition, clusters with β = 0 correspond to systems with an isotropic velocity distribution, clusters with β = 1 have galaxies on fully radial orbits, and β → ∞ indicate fully tangential orbits.
Equation 1 shows that β(r) can be estimated when ν g (r), σ 2 r (r) and M(r) are known. However, in observational astronomy, only the projections of some quantities can be measured. In particular, we can measure Σ(R), σ p (R) and M(r), with Σ(R) the projected number density of galaxies at projected distance R from the cluster centre, and σ p the line-ofsight velocity dispersion. It was probed that it is possible to derive β(r) when Σ(R), σ p (R) and M(r) are known, by using the S 2 method, first proposed by Binney & Mamon (1982) and used in various works related to galaxy clusters (see e.g. Solanes & Salvador-Sole 1990; Katgert et al. 2004; Adami et al. 2009; Mamon et al. 2013 ).
We applied this method in order to obtain the orbital structure of the galaxies in the nearby galaxy cluster A 85.
The spectroscopic data of A 85
The cluster A 85 is a nearby (z = 0.055) and massive system (r 200 = 1.02h −1 Mpc; M 200 = 2.5 × 10 14 h −1 M ⊙ Rines & Diaferio (2006) ). It is one of the brightest X-ray clusters located in the southern hemisphere. It has been extensively studied over a large range of wavelengths. We can mention observations of this cluster in radio (Slee et al. 2001 ) and optical wavelengths (Rines & Diaferio 2006; Bravo-Alfaro et al. 2009; Aguerri et al. 2007; , and in X-ray (Ramella et al. 2007; Schenck et al. 2014; Ichinohe et al. 2015) . It is well known that this cluster is not completely virialized. Substructures can be found in both the galaxy distribution and the X-ray maps (see Durret et al. 2003; Ramella et al. 2007; Boué et al. 2008; Aguerri & Sánchez-Janssen 2010; Schenck et al. 2014; Yu et al. 2016) .
We carried out an extensive spectroscopic survey of A 85. The observations cover an area of 3.0 × 2.6 Mpc 2 around the cluster centre (α (J2000): 00 h 41 m 5.448 s δ Figure 1 . Spatial distribution of galaxies in the direction of A 85. The targets for the spectroscopic observations are shown in grey colour. They correspond to objects classified as galaxies by the SDSS-DR6 and with stellar colour g − r = 1.0. The black dots indicate the galaxies with measured redshift. The red dots correspond to galaxies identified as cluster members. The location of the brightest cluster galaxy is indicated by a green star. The large capacity to take spectra of both instruments and the data already available from the literature have allowed us to collect 1603 redshifts in the field of A 85 spanning an apparent magnitude interval 13 < m r < 22, within 1.4 r 200 , and for galaxies bluer than g − r = 1.0. Figure 1 shows the targets, measured velocities and cluster members obtained by using this dataset. An extensive presentation of the data and the data reduction process was given in Agulli et al. (2016) . Our catalogue, together with literature spectroscopic redshifts, was analysed by using the caustic method (Diaferio & Geller 1997; Diaferio 1999; Serra et al. 2011) , that returns a list of cluster members where, on average, only 2% of the galaxies within r 200 are interlopers (Serra & Diaferio 2013) . We identified 460 galaxy members within 1.4 r 200 down to M r ∼ −16.0. This sample is ideal to perform studies of galaxy orbits in individual clusters. In particular, the large number of cluster members together to the homogeneous spatial distribution of the redshifts allow us to analyse the orbital structure of different families of galaxies selected by different physical properties, such as luminosity and stellar colour.
Virialized galaxies
One of the assumptions of the Jeans equation is the dynamical equilibrium of the system. However, due to the continuous accretion of smaller sub-units, clusters are never in perfect equilibrium.
There are many statistical tests developed to detect galaxy substructures in clusters (see e.g. Aguerri & Sánchez-Janssen 2010; Zarattini et al. 2015 , and references therein). It is well known that A 85 has galaxies in substructures (see e.g. Aguerri & Sánchez-Janssen 2010; Ramella et al. 2007 ). Some of the substructures are also visible in the X-ray surface brightness or temperature distribution (see Ramella et al. 2007; Schenck et al. 2014; Ichinohe et al. 2015; Yu et al. 2016) . In order to apply Eq. 1 to determine β(r), we only have to consider those galaxies in dynamical equilibrium within the gravitation potential well of A 85. In this work we used the caustic method (see Diaferio 1999; Serra et al. 2011; Yu et al. 2015) which provides an accurate identification of substructures (see Yu et al. 2015) . We counted 102 galaxies in substructures, representing about 20% of the cluster members. Only the remaining 358 galaxy members were considered for the determination of β(r). For an extensive explanation of the substructure determination in A 85, we refer the reader to Agulli et al. (2016) and Yu et al. (2016) 
The galaxy number density profile
The projected galaxy number density profile, Σ(R), is the number of galaxies per Mpc 2 as a function of the projected radius, R. Assuming a spherically symmetric cluster, this observed quantity is related to the galaxy number density profile, ν g (r), by
This equation is known as the inverse Abel transform and is used in several astronomical problems related to galaxies and clusters (see e.g. Stark 1977; Simonneau et al. 1998; Aguerri et al. 2001; Trujillo et al. 2002; Méndez-Abreu et al. 2008) . We computed Σ(R) at the position of every member of A 85 by taking into account the √ N m nearest cluster members (see Katgert et al. 2004) . The quantity N m is the number of members not in substructures. Border effects were taken into account in the computation. Values of N m in the range of 10 -20 nearest neighbors do not affect our final results. The left panels of Fig. 2 show Σ(R) for all the galaxies and for the galaxies in three different magnitude bins. As a comparison, we overplot the values of Σ(R) obtained in radial bins. The completeness of the spectroscopic data does have a mild radial variation with a mean value of ∼ 60%. Therefore we did not apply any incompleteness correction to the calculation of Σ(R). We do not expect radial variation for the completeness of the spectroscopic data for the different subsamples of galaxies considered in this work. The spectroscopic targets of these subsamples were selected without any radial trend, similarly to the total sample.
In order to apply the Jeans equation and derive the velocity anisotropy profile, we need smoothed estimates of Σ(R) (see e.g . In this work, we fitted the observations with the analytical function
where Σ 0 is the central value of the projected number density, R c is the core radius, and β m is the power law exponent. The smoothed projected galaxy density profile was used in Eq. 2. Table 1 shows the parameters of the fits to the galaxy density profiles for the different galaxy samples considered.
In the left panel of Fig. 2 , we show the galaxy number density computed in radial bins. The fitted profiles are Table 1 . Parameters of the fits to the galaxy number density profiles for the different galaxy samples
All 162 0.6 -0.9 1.9 7 All red 151 0.5 -0.9 1. Note: χ 2 represents the goodness between the the fitted galaxy number density profiles (cyan lines in Fig. 2 ) and the binned data (red circles in Fig. 2 ). DOF shows the degrees of freedoms Table 2 . Parameters of the fits to the galaxy velocity dispersion profiles for the different galaxy samples Note: χ 2 represents the goodness between the the fitted velocity dispersion profiles (cyan lines in Fig. 2 ) and the binned data (red circles in Fig. 2) . DOF shows the degrees of freedoms good representation of the binned data as confirmed by the unreduced χ 2 given in Table 1 .
The galaxy velocity dispersion profile
The procedure to determine the projected velocity dispersion profile, σ p (R), is similar to the one for the number density profile described above. We estimated σ p (R) at the position of each member by taking into account the √ N m closest neighbours, then we obtained a smoothed version of the profile by fitting a simple power law (see e.g. Carlberg et al. 1997 )
where σ p,0 is the central projected velocity dispersion and p is the exponent. The right panels of Fig. 2 show the line-ofsight velocity dispersion profiles for the full sample of galaxies in A 85 and different families of galaxies selected by their luminosity. Table 2 shows the parameters of the fits to the galaxy velocity dispersion profiles for the different galaxy samples considered.
We also overplotted the σ p (R) computed in radial bins. Note the similarities between σ p measured in radial bins and by using local cluster members (see the unreduced χ 2 values given in Table 2 ). From top to bottom we show the profiles of all the galaxies and of the galaxy sub-samples using different magnitude cuts. The black points represent the projected galaxy number density and the projected velocity dispersion at each galaxy position. The solid cyan lines are the smoothed fits of the quantities (see text for more details). The red points represent the projected galaxy number density and projected velocity dispersion obtained in radial bins.
The mass profile
The halo mass distribution of A 85 has been investigated in several works (see Reiprich & Böhringer 2002; Sanderson & Ponman 2003; Demarco et al. 2003; Durret et al. 2005; Rines & Diaferio 2006) . In the present work, we considered those models assuming a NavarroFrenk-White (NFW) mass density profile (Navarro et al. 1997 )
where r s is a scale radius, δ c is a characteristic density, c = r 200 /r s is the concentration parameter and δ c = . The corresponding mass profile is
We computed the profile of the velocity anisotropy parameter of A 85 by using the NFW mass profiles obtained by Sanderson & Ponman (2003) ; Durret et al.
(2005); Rines & Diaferio (2006) . Table 3 shows the concentration parameter and the r 200 radius of these mass models. The considered mass profiles were obtained from different data sets: Sanderson & Ponman (2003) and Durret et al. (2005) obtained the mass profile from X-ray data, while Rines & Diaferio (2006) used the caustic method applied to spectroscopic galaxy redshifts.
Given the discrepancies between the different halo mass determinations, we defined a mean mass distribution given by a NFW profile with c = 4.0 and r 200 = 1.44 Mpc. These parameters correspond to the mean values of the three mass models considered. The uncertainty in the mass estimate is then included in the determination of the anisotropy.
We did not use the mass profile estimated with the caustic method applied to our data because our data only cover the area within 1.4 r 200 . Indeed, the technique, on average, returns a biased mass estimate within r 200 (see Diaferio 1999; Serra et al. 2011) . However, the caustic method on average returns unbiased NFW fit parameters when the fit is performed to large radii (Serra et al. 2011 ). Rines & Diaferio (2006) 2.6 The orbital anisotropy parameter Binney & Mamon (1982) was the first to show that β can be obtained when Σ(R), σ p (R) and M(r) are known (for an application of this method see e.g. ). The observed profiles Σ(R) and σ p (R) are used to define the function
This function is used to calculate K(r), another function given by the Abel integral
In addition, the estimates of the mass profile, M(r), and of the number galaxy density, ν g , are used to compute the function
Equations 7 and 8 can be used to derive two equations for σ r (r) and β(r)
Equations 10 and 11 form a systems of two equations with two unknowns. The solution of this system provides the σ 2 r and β profiles. As pointed out, the practical application of the method needs extrapolations of the observed quantities M(r), Σ(R) and σ 2 (R) to large radii. In addition, Eq. 11 contains two integrals with the lower integration limit r = 0. This lower limit requires extrapolation of the functions r 3 Ψ(r) and K(r) from the innermost measured point to r = 0 (see also Katgert et al. 2004 ). In our case, we extrapolated the same fitted analytic profiles of M(r), Σ(R) and σ p (R) to r = 0 and to large radii. We considered 3 × r 200 as the upper limit of the integrals. This value is sufficiently far from the last measured point and no differences were observed in the results with farther extrapolations.
Our Jeans Equation Solver (JES) code was tested using analytic solutions (see Appendix A) and data from cosmological simulations (see Appendix B). We have also analysed how the uncertainties we estimated on β depend on the number of galaxies used (see Appendix C) and the velocity resolution (Appendix D).
The uncertainties on the β parameter have been obtained by adding in quadrature the uncertainties on the mass models and Poisson noise (see Appendix C). The asphericity of the clusters can also affect the values of β. However, no uncertainties deriving from the lack of sphericity were considered here (see Appendix B for a discussion).
RESULTS
In this section, we present the results on the velocity anisotropy profile of A 85. We have analysed the orbital anisotropy of the full population of galaxies and of some subsamples selected according to their luminosity and g − r colour. Biviano et al. 2013; Annunziatella et al. 2014 ) and in cosmological simulations (see Lemze et al. 2012; Iannuzzi & Dolag 2012) . The fact that there are no galaxies on radial orbits in the central region of the cluster may indicate that galaxies on these orbits either merged with the central galaxy or were destroyed by strong gravitational interactions with the cluster potential, or they spent enough time in the cluster to have their orbits circularized. Wojtak & Lokas (2010) obtained the anisotropy profile of galaxies in a sample of 41 nearby galaxy clusters. They concluded that galaxy orbits are isotropic in the cluster centre and radially anisotropic at the cluster virial radius, with the level of anisotropy depending on the evolutionary state of the cluster. These results are in agreement with the anisotropy profile we obtained. In Fig. 3 , we have overplotted the two values of β determined by Wojtak & Lokas (2010) for A 85 in the center and at r 200 .
Velocity anisotropy profiles of red and blue galaxies
The blue and red shaded areas shown in Fig. 3 are the anisotropy profile for the blue (102 members) and red (256 members) galaxies of A 85, respectively. The galaxies were classified according to their g − r colour (see Agulli et al. 2016 , for the selection method). The uncertainties on the β parameter of the blue galaxy population are larger than those of the red population due to the smaller number of galaxies in the sample. However, the mean mass model for both families of galaxies show β ∼ 0.1 in the central cluster region (r/r 200 < 0.3) and larger radial anisotropies at larger radii. In addition, the blue population shows smaller anisotropy values at large clustercentric distances than the red population.
β(r) for galaxies with different luminosities
We analysed the velocity anisotropy for different luminosity subsets of the A 85 members. Three luminosity bins were considered. The first group of galaxies is formed by those with M r < −20.0 (we will call them the bright population). The second group are those with −20.0 < M r < −18.0 (intermediate population). The last group is formed by the dwarf galaxy population (M r > −18.0). Figure 4 shows the radial anisotropy profiles for these three families of galaxies. The β parameter of the mean mass model shows that in the central region of the cluster (r/r 200 < 0.3) the three families show β ∼ 0, which indicates isotropic orbits. At larger radii the anisotropy parameter of the mean mass models shows that bright galaxies have smaller values of β than the other two populations. Intermediate and dwarf galaxies have similar β(r), with the intermediate galaxies having slightly larger values of anisotropy. However, the differences in the β parameter of the three galaxy samples are not statistically significant. This result is a consequence of the large uncertainties shown by the bright galaxy population, mostly due to the small size of the sample. The dwarf galaxy population in A 85 shows an increasingly anisotropy towards the external regions of the cluster. Dwarf galaxies at large radii are located on more radial orbits. Adami et al. (2009) Fig. 3 . The dash red and full blue lines correspond to red dwarf and blue dwarf galaxies, respectively galaxies of this cluster shows an increasingly β(r) profile at large radii. In addition, in the central cluster region, dwarf galaxies were located on tangential orbits. The absence of dwarf galaxies on radial orbits in the central regions of A 85 could be related to a selective disruption of low-mass halos within the cluster potential: dwarf galaxies located on radial orbits would be strongly perturbed when they pass through the cluster central region and might not be able to survive (see Smith et al. 2015) . It could also be possible that the dwarfs we see today in the inner cluster region were accreted by the cluster at early times when the cluster had only assembled a fraction of its present mass. The small value of β shown by these galaxies could be a consequence of the circularization of their orbits over time.
β(r) for red and blue dwarf galaxies
The large number of dwarf galaxies (189) with velocity information in A 85 enables us to obtain the radial anisotropy profile for the 117 red and 72 blue dwarf galaxies. Figure  5 shows β(r) for the two families of galaxies. The β profile from the mean mass models shows that, in the inner cluster region, blue and red dwarf galaxies show β ∼ 0. In contrast, the red dwarf galaxies show more radial orbits in the external cluster region. The blue dwarf galaxies show smaller β than the red ones at all radii. The correlation between β and colour at large clustercentric radius for dwarf galaxies is significant despite the large uncertainties.
The observed strong correlation between the velocity anisotropy and the colour of the dwarf galaxies indicates that the physical processes modifying the stellar colour of these galaxies strongly depends on the orbit of the galaxies: the observed blue dwarf galaxies could be located on orbits which imply smaller interaction with the cluster potential than red dwarfs. This difference can occur if blue dwarf galaxies are located on orbits with large pericenters, so that they never pass near the cluster centre. In contrast, red dwarfs would be located on radial orbits with small pericenters. These galaxies would spend some time close to the cluster centre where the effect of the environment is more pronounced. This difference would indicate that the colour transformation of the dwarf galaxies would be produced near or within the cluster central region.
3.5 Q(r), Q r (r), and the β − γ relation Numerical simulations of virialized DM halos show a universal relation between their mass density, ρ, and velocity dispersion, σ, profiles. Thus, the quantity Q(r) = ρ(r)/σ 3 (r) can be fitted by a power-law r −α with α ∼ 1.9 ± 0.05 (see Taylor & Navarro 2001; Rasia et al. 2004; Ascasibar et al. 2004; Dehnen & McLaughlin 2005; Vass et al. 2009; Tissera et al. 2010 ). This universal ρ − σ relation is valid for halos spanning a large range of masses (from galaxy to cluster-size masses), dynamical states, and over their whole resolved radial range. This relation is also established for the similar quantity Q r (r) = ρ/σ 3 r (r) ∼ r −α with α = 1.94, being σ r the radial component of the velocity dispersion (see Dehnen & McLaughlin 2005) . Relations similar to these were predicted by the self-similar solution of the spherical infall model of Bertschinger (1985) .
Although Q(r) and Q r (r) have dimensions of phase-space density, they are not related to the coarse-grain phase-space density. They rather reflect the distribution of entropy of the DM halos (see Vass et al. 2009 ). Little is known about these relations from observations. Biviano et al. (2013) reported Q(r) and Q r (r) for an intermediate-redshift cluster. They found that the power-law behaviours of Q(r) and Q r (r) were in general reproduced for this cluster as the simulations predicted. Only the star forming galaxies of the cluster did not follow the theoretical relations of Q(r) and Q r (r). They argued that while passive galaxies underwent violent relaxation and have reached dynamical equilibrium, star forming galaxies did not (see Biviano et al. 2013 ). The radial dependence of Q(r) and Q r (r) was also studied for the nearby cluster A 2142 (see Munari et al. 2014) . They found that the Q(r) and Q r (r) radial profiles of all the galaxies of A 2142 were marginally consistent with the theoretical profiles. In contrast, the agreement improved when only red galaxies were considered. They argued that the differences are due to the blue galaxy population which are recent infall cluster members and have had no time to reach equilibrium within the cluster potential.
Here, we have the information required to study these quantities for A 85. Figures 6 and 7 show the values of Q(r) and Q r (r) for different families of galaxies in A 85. The uncertainties shown in Figs. 6 and 7 for Q(r) and Q r (r) take into account the different mass models of the cluster. Including Poisson noise in the estimate of the uncertainty leaves the agreement with the Dehnen & McLaughlin best fit unaffected. In all cases, the observed Q(r) and Q r (r) follow the theoretical power law relations obtained in the simulations. We can conclude that the galaxies of A85, independently of their luminosity or stellar colour, have reached dynamical equilibrium within the cluster potential.
Hansen & Moore (2006) found a correlation between the DM radial density slope, γ(r), and the velocity anisotropy for structures in dynamical equilibrium. In addition, the universality of this relation could indicate that the mass density and anisotropy profiles are also universal. Later works established that the relation between β and γ was only in the inner part of the halos (r < 0.3r vir ). No theoretical correlation was found for larger radii (see Tissera et al. 2010; Lemze et al. 2012 ). The only constraint found at all radii between β and γ was γ < β (see An & Evans 2006; Ciotti & Morganti 2010) .
From the observational point of view, Biviano et al. (2013) found that the theoretical relation between β and γ was recovered for the galaxies of the intermediate-redshift cluster MACS J1206.2-0847. Munari et al. (2014) found instead that the β − γ relation for the red galaxy population of the nearby cluster A 2142 matches the theoretical relation only in the inner cluster region. Figure 8 shows the β − γ relation for the galaxies of A 85. We also overplotted the linear β − γ relation obtained by Hansen & Moore (2006) and the one derived from numerical simulations by Lemze et al. (2012) . In the case of A 85 there is a poor match between our measure and the expected β − γ relation. This result could indicate that this relation is not universal and that the two quantities are weakly correlated, as pointed out by Tissera et al. (2010) and Lemze et al. (2012) . Nevertheless, γ < β is confirmed for A 85.
DISCUSSION
The present work analysed the velocity anisotropy profiles for the galaxies in the A 85 cluster. The identification of a large number of cluster members enabled us to estimate β for different samples of galaxies, including the dwarf population. Here, we discuss our results. In particular, we discuss the dependence of β on the galaxy substructure, luminosity and stellar colour. Taking into account the results obtained by and Agulli et al. (2016) on this cluster, we give a global picture of the galaxy evolution in A 85. Figure 6 . Pseudo phase-space density profiles Q(r) = ρ/σ 3 for all the galaxies and those selected by their g − r colour and luminosities. The dashed lines are the best-fit relations with fixed slope Q(r) ∝ r −1.84 from Dehnen & McLaughlin (2005) . The shaded areas show the maximum and minimum values of Q(r) obtained at each radius from the different mass models.
Variation of β and galaxy substructure
One of the assumptions of Jeans equation is the virialization of the system. The cluster A 85 is not fully virialized. Several imprints indicate the presence of substructures in this system (see e.g., Ramella et al. 2007; Aguerri & Sánchez-Janssen 2010; Agulli et al. 2016; Yu et al. 2016) . We presented the results only considering the galaxies not in substructures. However, we wonder how the results on β change by including the galaxies in substructures: Are the galaxies in substructures on more radial or tangential orbits than the relaxed population? To answer this question, we analysed the velocity anisotropy profile obtained by taking into account the unrelaxed galaxy population. Figure 9 shows a comparison of β radial profiles obtained by taking into account either all the cluster members or the virialized galaxies alone. The shapes of the two anisotropy profiles are similar. The main difference between the two profiles is that β is smaller when the galaxies in substructure are included in the sample. This difference indicates that galaxies in substructure have less radial orbits than the virialized galaxy population.
These results are in agreement with other observational results. found that galaxies in substructures show a tangential orbital distribution. Similar results were obtained by Hwang & Lee (2008) . These results are also similar to those obtained with numerical simulations. In particular, the study by Lemze et al. (2012) on the velocity anisotropy profiles of simulated DM halos shows that unrelaxed systems have lower values of β. They interpreted these results as an indication that DM particles are accreted on less radial orbits than those in relaxed halos. In addition, Taylor & Babul (2004) studied the evolution of the orbits of infalling substructures. They concluded that substructures falling on more radial orbits are disrupted sooner than those on tangential ones. Our findings indicate that in clusters like A 85 with a small percentage of galaxies in substructures, the inclusion in the sample of the non-virialized galaxies slightly affects the values of β but not its dependence on radius.
Variation of β(r) with the galaxy properties
The other important correlation observed in the cluster is between the orbital anisotropy and the stellar colour of the galaxies. We found that blue galaxies are on less radial orbits than red galaxies. This observation holds for both the full Figure 7 . Pseudo phase-space density profiles Q r (r) = ρ/σ 3 r for all the galaxies and those selected by their g − r colour and luminosities. The dashed lines are the best-fit relations with fixed slope Q r (r) ∝ r −1.92 from Dehnen & McLaughlin (2005) . The shaded areas show the maximum and minimum values of Q r (r) obtained at each radius from the different mass models.
sample and for the dwarf galaxies alone. The former sample shows β > 0 at all radii, being β ∼ 0.5 at r = r 200 . In the case of the blue dwarf galaxies, β ∼ 0 at all radii. These results suggests that bright blue galaxies are on more radial orbits than blue dwarfs.
Previous studies in the literature reported different results. Studies using stacked clusters found that early-type and late-type spiral galaxies show different orbital structures, with the latter on more radially-elongated orbits at large radii (see . Assuming that late-type galaxies are basically blue, this result disagrees with the result obtained for A 85. In contrast, results based on individual clusters show that red and blue galaxies have similar anisotropy profiles (see Hwang & Lee 2008) . These differences together with our results could indicate that the orbital structure of the red and blue galaxies in galaxy clusters is not universal.
Our findings agree with theoretical results on the orbital structure of red and blue galaxies. In particular, Iannuzzi & Dolag (2012) analysed the anisotropy evolution of red and blue galaxies in clusters using data from the Millennium Simulation. They found that blue galaxies show significantly lower anisotropy than red ones at all redshifts. In addition, the galaxies that are blue at z = 0 are falling into the cluster with the most tangential orbits (see Iannuzzi & Dolag 2012) .
In the literature, it has been argued that blue galaxies were recently accreted onto clusters and did not have enough time to reach virialization and change their stellar colour. This argument was based on the observed larger velocity dispersion of the blue galaxy population in clusters (see e.g. Aguerri et al. 2007) or by the different shape of the radial velocity dispersion profiles of blue and red galaxies (see e.g. Adami et al. 1998) . However, Goto (2005) argued against this hypothesis.
Our results for A 85 indicate that blue members reached a virialization state. Our conclusion is based on the behaviour of Q(r) and Q r (r). Blue galaxies of A 85 show values of Q(r) and Q r (r) similar to those obtained from the theoretical relations inferred for virialized DM halos. Therefore, blue galaxies of A 85 had enough time to changed their stellar colours and we may rule out the argument based on the recent accretion. The reason why they still are blue could be due to their orbital distribution within the cluster.
Galaxies on radial orbits could have small pericenters and pass closer to the cluster centre than galaxies on more tangential orbits. Galaxies passing close to the cluster centre could suffer strong transformation due to tidal interactions Figure 8 . β − γ relation for all the galaxies in A 85 for the different mass models considered in this work. The blue dashdot, green dot and black lines represent the γ − β relation obtained from the Durret et al. (2005) , Rines & Diaferio (2006) , and Sanderson & Ponman (2003) mass models, respectively. The black dashed line is the relation obtained by Hansen & Moore (2006) . The red points show the relation obtained by Lemze et al. (2012) . Figure 9 . Velocity anisotropy profile of all the galaxies of A 85, including galaxies in substructures (blue dot line), and velocity anisotropy profile of all the galaxies not in substructures (green full line). The shaded areas and solid lines are as in Fig. 3. and gas stripping. These mechanisms could produce large loss of stellar mass (see Aguerri & González-García 2009; Smith et al. 2015) or gas mass (see Quilis et al. 2000) . This kind of interactions can transform galaxies, by quenching their star formation and reddening their stellar populations. Thus, we can expect that blue galaxies with infall radial orbits switched off their star formation and were transformed into red and passive galaxies. The blue galaxies observed today in the cluster are those on less radial orbits and are thus less affected by the dense environment of the cluster centre. Galaxies on these orbits can keep their gas reservoirs and maintain their star formation active for longer time. The orbital -colour correlation observed today in A 85 would be a consequence of a selected transformation of galaxies due to their orbital properties. Biviano et al. (2013) analysed the orbital structure of galaxies in the intermediate-redshift cluster MACS J1206.2-0847 (z = 0.44). This massive cluster (σ = 1087 km s −1 ) shows no differences in β for its blue and red galaxies. Both, galaxy populations are located on increasingly radial orbits towards larger cluster radii. The orbital differences observed between A 85 and this intermediate-redshift cluster could be interpreted as consequence of evolution: blue galaxies on radial orbits at z = 0.44 lost their gas, switched off their star formation and reddened their stellar colour. Clearly, a larger number of studies of the orbital properties of clusters at intermediate and low redshifts are needed in order to fully support this statement.
A global picture of A 85
This paper is the third in a series on the properties of the galaxy population of A 85. In the previous two papers we have analysed the LF of the cluster (see Agulli et al. , 2016 . In particular, found that the global LF of A 85 has an upturn at faint magnitudes showing a faint slope similar to the LF of field galaxies. The main difference is that the red dwarf galaxies dominate the faint-end of the LF in the cluster while blue dwarfs dominate in the field. This result was interpreted as a consequence of the quenching of the star formation in dwarf galaxies by the cluster environment. The different orbital anisotropy found here for blue and red dwarfs agree with this interpretation. Red dwarfs are on more radial orbits than blue ones. They passed near the cluster centre on eccentric orbits with small pericenter and suffered gravitational and hydrodynamical interactions. In contrast, the blue dwarf galaxies observed today are on more circular orbits and only mildly suffered the interaction with the environment. Our observational result agrees with the velocity anisotropy profiles in numerical simulations (see Iannuzzi & Dolag 2012) . We can conclude that the reddening of the dwarf galaxies in A 85 is a consequence of the different orbits they have. In other words, galaxies falling into the cluster on radial orbits are reddened. In contrast, those falling on more circular orbits would keep their stellar colours unchanged for longer time and would be the galaxies observed as blue galaxies today.
CONCLUSIONS
We have analysed the orbital structure of the galaxies in the massive and nearby cluster A 85. The main results obtained are:
• The galaxy population of the cluster preferentially has isotropic orbits in the innermost region (r/r 200 < 0.3). Outside this region galaxies are on increasingly radial orbits at larger and larger radii.
• Blue and red galaxies are on orbits with different shape: blue galaxies are on less radial orbits than red galaxies. This result is independent of the galaxy luminosity, except for blue dwarf galaxies that have β ∼ 0 at all radii.
• The different galaxy populations are in equilibrium within the cluster potential. This conclusion is based on our estimate of the space-densities Q(r) and Q r (r) that follow the radial trend of virialized DM halos in N-body simulations.
• Blue galaxies are not recent arrivals to the cluster potential: they have blue colours because their orbits do not bring them as close to the cluster centre as the more radial orbits of red galaxies.
The results presented in this work indicate that the orbital structure of galaxies plays a key role in the colour transformation of the cluster members. In the future, we will apply this kind of study to a larger sample of galaxy clusters with different dynamical states and physical properties. at z = 3 (ǫ phys = 0.6 h −1 kpc). The entire higher resolution region consists of ∼ 1.4 × 10 7 particles.
From these simulations, we obtained the β profile computed in spherical shells as a function of the clustercentric distance. The resulting values of β(r) are shown in Fig. B1 and B2. The simulated clusters were used to solve Jeans equation with our code and obtain the velocity anisotropy profile. The clusters were projected along three different lines of sight. For each projection, we computed the projected Σ(R) and σ p (R) and we fitted the mass distribution of the simulated clusters by a NFW density profile. Using our code we computed the β(r) profiles from the projected simulated clusters and we compare them with the anisotropy profile in 3D shells in Figs B1 and B2. The grey shaded area represent the maximum and minimum values of β obtained at fixed radius from the three different projections of the clusters. Notice that the values of β obtained from the spherical shells in the clusters are within the grey shaded area.
For a spherically symmetric galaxy cluster we expect that the value of β does not depend on the projection of the cluster. Therefore, the broad grey region observed in Fig.  B1 is related to an elongated structure on the sky of this cluster which is not completely spherically symmetric. The other cluster, instead, presents a more spherical shape with a β profile not strongly depending on the projection (see Fig.  B2 ).
We did not consider the effect of interlopers on the values of β. The selection of the sub-halos of the clusters with a FOF algorithm makes the expected number of interlopers small, similarly to what happens with the observational data from A 85. For this cluster, the caustic method only returns 12 interlopers within ±4σ c , where σ c is the cluster velocity dispersion (see Agulli et al. 2016 ). This number represents less than 3% of cluster members in A 85. 
APPENDIX C: UNCERTAINTIES ON β(R) AS A FUNCTION OF THE OBSERVED NUMBER OF GALAXIES
The velocity anisotropy is a statistical parameter which requires a large number of galaxies in order to have small uncertainties. We used one of the simulated clusters in order to check the uncertainties on β as a function of the number of galaxy halos used for its computation. We selected the cluster with the largest number of DM subhalos (CLUSTER1).
We analysed the effect of the number of members on β(r), spanning the range between 50 and 500 halos. We used random samples of halos to compute the β profile for the three different projections. Therefore, considering β(r) the profile obtained from the Jeans equation and β clus the values for the different number of subhalos, we obtained the standard deviation β(r) − β clus (r) within 1.5 r 200 . We run 1000 Monte Carlo realisations for each adopted number of members. We present the values of β clus with their relative uncertainties depending on the number of subhalos considered in Fig. C1 . Moreover, we show the standard deviation as a function of the number of subhalos in Fig. C2 . Fig. C2 shows that the uncertainty substantially drops around 100 subhalos. In particular, the uncertainty is smaller than 0.2 when 100 or more subhalos are considered, while when only 50 subhalos are used in the analysis the uncertainty is larger than 0.4.
APPENDIX D: UNCERTAINTIES ON β DUE TO THE VELOCITY UNCERTAINTY
Observational data are always affected by uncertainties. We analyse here how the uncertainties on the recessional velocities affect the anisotropy parameter.
For A 85, we have velocities from VIMOS@VLT, AF2@WHT, SDSS and NED. Since these data have different uncertainties on the redshift determination (see Agulli et al. 2016) , we run Monte Carlo simulations to study their effects on the β profile. In particular, we assigned uncertainties of 500 km/s to the members with VIMOS velocity information, 200 km/s for AF2 redshifts and 100 km/s for SDSS or NED data. We run 1000 realizations sampling the member velocities from a Gaussian distribution with width equal to their uncertainties. We used only the NFW mass profile by Rines & Diaferio (2006) for simplicity.
We present the β profile for the cluster and the maximum differences among the anisotropy values from the simulations at each radius in Fig. D1 . The uncertainty obtained on the anisotropy profile is smaller than 0.1 at every radius and it is mainly affected by the large dispersion for the VI-MOS measurements. Therefore, the errors on A 85 velocities do not significantly affect the results reported in this paper. This paper has been typeset from a T E X/L A T E X file prepared by the author. Figure D1 . β as a function of radius for one of the mass models of A 85 (Rines & Diaferio 2006) . The shaded grey area represents the uncertainty on β due to the velocity uncertainties.
